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This reportis one of a seriesin a

J. W, l?reeman

cooperativeresearchinvesti–
gationunder;~en to ascertainthe propertie;of the betterwrought
heat+resistingalloysin the form ofJarge discsrequiredfor gas-
turbinerotors.

The propertiesof largediscsof s-816alloyhavebeen determined
for both the as-forgedand aged condition(disc-76=) and the
hea+treatedad aged condition(discNR-761@ at room temperature
and,by means of stres~ruptureand creeltestsfor timeperiodsup
&lout2000hours,at 1200°,1350°,and 1~00°F. Short-timetensile
impacttest,and t=eformtion characteristicsare included.

Thisreportpresents
1200°,1350°,and 1500°F

moDtJcTroN

to
test,

the resultsof a studyof the roou+emperature,
propertiesof a largeforgeddiet of -16 aIJ_oy.

Onehalf of the discwaa tested-forged and aged,and the otherhalf .
was hea~treatedand aged.beforetesting. The halvesme referredto
heretias two discs,W76E-F (forgedand aged)and NR-76B+ (heati
treatedand aged).

The primarypurposeof this studywas to detetie the levelof
propertiesexhilitedby this alloy in the form of largeforgingsof
the typerequiredfor rotorwheelsof gas turbines- to determine
the relativepropertiesof such forgingsas-forgedand a~ed ad as
heat-treatedand aged. The resultsobtainedpreviouslyfrom similsr
investigationsof 19-9DL,CSA,Timkenalloy,M, end bw-csrbon
N-155 discshave been pu%lishedas references1 to 9. A concurrentand
nesrlyidenticalinvestigationof a largeforgeddisc of &590 alloyhas
been punished as-reference10.

Thiswork is being carriedout as part of two correlatedprograms
of researchon alloyefor ga-turbine applicationsin progressin
this country. The NationalAdvisoryCommitteefor Aeronauticsis
sponsoringwork directedtowardthe developmentof improvedhig&
temperaturealloysfor gas turbinesused in aircraftyowerplants.
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2 MACA TN NO. 1765

A concurrent~ogram, formerlysponswed by the NationalDefenseResearch
Committee,Officeof ScientificResearchand Development,and now
sponsoredby the Officeof NavalReseerch,Na~ Department,is being
dtiectedto the developmentof aM.oysfor gaeturbine applicationsin
generaland, in particular,fcm loth ship and aircraftpropulsim
turbines● The wmk descriledhereinwas accomplishedwith the finsncial.
assistanceof the NationalAdvismy Comittee fa Aeronauticsand the
Office of NavalResesrch,Navy Department.

Thisrepartis %ehg distrihutea.by both the NACA and the Navy.
The tivestigationof thesediscsfcm the NACA was conductedat the
l@@eering ResearchInstituteof the Universityof Michiganand for the
Navy at BattelleMemorialTnstitute.

TEsTI@mmnIs

The availalleinformationconcern@ the discmay be summarized
as follows:

Manufacturer:

Heat

Alleghen@ud.lum%881 Corpwation

tier:

41625

chemicalCcmlposition:

The chemicalcompositionwas reportedby the nannfacturerto he
the followingpercentages:

(! Ml &l&_& %K%%Ni—

0.38 0.50 0.53 19.80 20.57 42.71 3.90 4.76 3.95 2.87

Fabricationprocedure:

A 12-inch-squareimgotfrom a 5000-P~ electri~c heat VEM

hsamercoggedto ~ inchessquarefrm 2300°3’and upsetto ~ tithes

thickfr~ 2250°F. The resultingdiscwas mare nearlyoctagonalthan
cticul..srand measuredabout17 inchesacross.

The discwas cut in hzdf. One U WQS left -forged, mrked ~–7&;

the otherhaM was heatedat 2300°F fm 2* hoursand wate~uenched,
j

msrkedI~7&Q. Testbaa from eachhalfwere then agedfor 16 homw
at 1400°F.

-~—. .
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NACA ~No. 1765 3

Sempling:

The codenun.iberassignedto the two halveswas IlI+76B.TheyWill
hereafterbe referredto as the two discs,N&76B+I’end IK&7~.
Figures1 and 2 showthe locationsof the samplescut from the halves
and the codesystem}dmntify@ the coupons. The muibersreferto
locationson the flat faces of the discs,and the lettersreferto
the locationsthroughtheirthicknesses.

The investigation

mmmMmmL PRmuRE

was designedto providefour *8 of information:
(1)The physical~operties at ~oom tetierature,1200°~1350°,and 1500°F
which can %e expectedti largefargingsof the S-816a&lysis; (2)the
effectof heat treatmenton thesephysicelpoyerties; (3)the variation
in propertieswhichmightbe presentinvsrious locationsin suchlarge
forgimgs;and (k)the changeinrocm+emperaturepropertiesresulting
frome~oeure to elevatedtemperaturesunder stressfor prolongedtime
pericxls. .

The physical-~opertydata obtahed from the halvesof the &ge
forgeddisc of s-816alloyincludedshwtithe tensileproperties,
impactstrengths,rupturetest characteristics,and designcurvesof
stressagainsttimeofortotaldeformationsof 0.1, 0.2, 0.5,and 1.0 pep
cent at 12000,1350 , =d 1500°F. The time–total-deformationdata
were obtainedfrcm time-deformati~curvesfrom both stress-ruptureand
creeptests.

The uniformityof the forgimgwas checkedby means of a hardness
survey. Ekrdness,tensile,and impacttestsand metallo~aphic
examinationof specimensaftercompletionof the creeptestswere used
to eslxlmatethe stalilityof the materialduringprolongedexposureto
temperatureand stress.

The
rupture,
A.S.T.M.

with the

test= proceduresused.for the short+timetensile,stres+
and creeptestswere h accordancewith the provisionsof the
RecommendedPractices132143and E22-41.

RESUIITS

data obtainedare compiled
princip~ resultsfrom the

summexizeain figures3 and 4. The
is indicatedin the tables.

as a seriesof tablesand figures,
aiscsS7623+ tiNR-7~
sourceof the data (NACAor Navy)

I
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4 NACATN NO. 1765

H&rdness@ey

The llrine~hardnessof materialcut from the fwged and aged
discW761LF rangedtiom 258 to 311 while the rangefor the hea&

~treatedand aged discwas frcm 255 to 28o. (Seefigs.5 end 6.) The
hardness genersUy increased from the center to the rim of the discs,
we so in the case cf the fmged end aged disc than in the case of
the heat-treatedand aged disc. Huwev@, the mim3mmnvaluewas measured
about2 inchesfrom the centerof disc Q on the centerplane,whilethe
maximm valuewas measuredat the rim on the fargedsurfaceof discF.

The forgedand aged disc shaweda higheruver-ellhardnessthan
the soluti-tieated and aged disc, fi additionto the greaterhard–
ness differencefram centerto rti of the forgedand aged disc. ~
hardnessvariationsencounteredfrm centerto rti appearto be rela-
tivelysmill,considming the size of the ariginaldiscfranwhichthe
halvesF and Q were cut smd tie Uffi@ties of forg~ ~ch a ~g~
alloyedmaterial.

Shmt-T%ne TensileProperties

The resultsof the short-timetensiletestsat roan t~erature,
12000,1350°,and 1500°I’are shownin table I. At rom temperature,
1200°,and 1350°F, the forgedand aged discNR-76B-Fshowedslightly
highertensue and yield stren@hs than the heat=treatedand aged
diSC N&76zJ-Q. At 1500°F, the situationwas reversed,tith the heat-
treatedd aged disc showingslightlyhigherstrengthsthan the fcmged
and aged disc. The variationh ductilitywaa small,both %etween
discsF and Q and amongthe room=temperatureand.elevated-temperature
tests. Huwever,at roan temperatureand at 1350°F, the average
elcmgationfcr disc Q was a few percentabovethat for discF. The
elongationsof both discswere higherat room temperatureand 1350°F
than at 1200°and 1500°F. It shouldbe noted,however,that every
s~ecimentestedat 1200°F broh in the gagemarks. The average
elongationfor all the tests on both discswas almut20 ~rcent.

Therewas a tendency for the specm from the interiw of the
discsto have luwer strengthat room temperatureand, in disc Q, lower
ductility.

Chsxpy JmpactResidmnce
.

Charpyimpactresistance(Wnotch) was determined“onspechena
from the two discsF and Q at room teirperature,1200°,1350°,and 1500°F
afterholdingat temperaturesufficientlylong to insurea uniform
teqerature In the specimens. The data are shownin table II and
figures3 and 4.

..- -—----- .—
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The Ch.arpyhupactvaluesof the discsF and Q were nearlyidentical
at 1200°and 1500°F, %ut at room temperatureand at 1350°F the impact
strengthof the forgedand aged discwas higherthan that of the heat-
treatedand aged disc. For loth the discsF and Q, the impactstrength
at the elevatedtemperatureswas nearlytwicethat at room temperature
and did not changesignificantlyfrom 12W0 to 1500°F.

The averageof the impactstrengthsof the syec~ns from the
mace of the discswas about20 percenthigherthanthat of the
interiorBIeCW~ for both discsF and Q at all tempera-s.

RuptureTest Characteristics

The stres+rupturedata far the testsat 1200°,1350°,and 1500°F
shownin talle~, and the rupture-strengthvaluesobtainedfrcm
curvesof stressagainstrupturethe h’ figures7 to 13 are shown

at the ‘bottomof table–lll. Ali sties-rupture-testswere run on
l/4-inc&diameter spechnenswhiohwere cut fkomthe discsin eithera
radi~ directionm lessthan 45° framradi~.

At 1200°F, the stres+rupturestrengthof the hea~treatedand
aged disc Q was slightlysuperim to that of the fmged and ageddisc
The 100-hourand 100&hour rupturestrengthsof disc Q were 66,000
d 52,000P3i, respectively,and of disc1?62,000and 50,000psi,
respectively.

F.

At 1350°F, the rupturestrengthsof the forgedsad aged disc and
quenchedand aged discwere nearlyidenticsl;the 10&hour and 1000-hour
strengthswere almut38,000and ~, 000 psi,respectively.

At 1500°F, the 100-hourand 100&hour rupturestrengthsof disc Q
were againslightlyhigherthan those of discF. The 100-hourand
100&hour strengthsof disc Q were 23,000and.17,500psi,respectively,
and of discF 21,000and 13,500psi,respectively.

T&pection of the cmves of stressagainstrupturetime (fig.7)
showssome increasein slopewith increasingtest temperaturefor
discF d hardlymy changein slopewith increadmg test temperature
for disc Q. At 1200°and 1350°F, the slopesof the .stres+rupture
curveeare aboutthe samefor both discs. The comparativeslope
changesbetweendiscsat 1500°F imdicatethat for serviceat this
temperature,the heat+treatedand aged discwas superiarto the forged
and aged.

Ductilitiesof the stress-mzpturespecimensmeasuredafterfracture
variedfrom fair to goql. Elongationsfor the 1500°F testswere mostly
onlyfati,rangingfrm 2 to 8 percent,whilethosefor the 1200°
end 13500F testswere better,rangingfrom 6 to 15 percent,with one
low value,3 percent,reportedat 13500F (discTJR-76&F).

— . .. . . .— - —.— —..- —- .-..—~—. .- .. ..— —.— -—.- ._. . —— .—. —
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Time+OeformationChsxacteristics

A convenientmethodof descrildngthe high-temprature
a materialis bY curves of stiess wainst time rewbed for

strengthof
VeZ’ious

totaldeformati-&s.Data frm loth-stress-ruptur~and creeptestssre
used to preparesuchdesigncurves. Such infcmmatim,alongwith the
curvesof stressagdnst rupturetime,givesdesignengineersa comylete
pictureof the expectedperformnce of m alloyunder constanttensile
stress. ~s informationis presentedin figures8 to 13 for deformations
of 0.1, 0.2, 0.5,snd 1.0 percentat 1200°,1350°,M 1500°F for tires
pericdsup to 2000hours. Curvesshowingthe tiresof transitionfrom
a minimumcreeprate to the increasingrate of th3r&stage creephave
been addedso as to showwhen rapid elongaticmpeceding failurestarts.

The cwves of stressagainsttime for totsldeformationwereplotted
frm the data in tablesIII to VI. The datawere takenfrom the time-
deformationcurvesof the stress-ruptmeand.creeptests. The t-
deformationcurvesfar the creeptestsand sties-rupturetestshave not
been includedin this report.

TablesIV,V, and VZ also shm data scaledfrom the designcurves
in figures8 to 13 and showthe stressesto causevarioustotal
deformationsfrom 0.1 to 1.0 percentfi definitetime periodsof 1,
10, 100, 100S,and 2000hours. For ease of cmperison, thesedata and
similar data for the s-590discsB74B =d for tie ~155 discNR-66D
are showntogetherti tableVII. Also included for comparison are impact
and tensile data at roan temperature, 1200°,1350°,and 1500°F for these
materialsand residud rocm-temperatureimpactand.tensiledata far
spechnensaftercreeptestingd the variouEmaterials(after1000
to 2000 hr under dress at test temperature).

CreepStrengths

Many engineersme accustmed to basingdesignson creeprates,
especiallyfor long pericdsof service. For thisreason,the creep
rate data have been collected frm the the-deformation curves and are
shuwn in table VIXI, and the logarithmic curves of stress against creep
rate for the testsat 12000 13500,and 1500°F on the two discsF

~ The creepratesused were eitherminimumand Qareshuwntifigurel .
or ftnalratesfrm l~o-hour testsat 1200°T and from 2000-hourtests

‘ at 1350°and 1500°F. The creepstrengthsObt*a from figure14 are
shuwnin tablesIV,V, and VI snd for ease of compsrison .&e talmlated
as follows:

,

t
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Disc

NR-76B+F
IJ&76B-Q

NR-76&F
NR-76&Q

NI?-76B-F
NI&76&Q

Temperature
(OF)

1200

1350

1500

Stress(psi)for creeprates of – I

0.0001 ~ercent@r

28,000
28,000

20,000
19,000

U, 000
13,500

0.00001percent/hr

a18,000
a16,000

13,000
10,500

8,500
7,500

aEstimxted.

Thesecreepstrengthscan be cmpareiiwith the defcmmationstrengths
in tablesIV, V, andVI. The creepstrengthsfor a rate of 0.0001percent
per hour at fiOOOF are apparentlysafefor use for time periodEup
to 10,000hourssinceextrapolationof the tiansitior+~otitcurves
(stage-twoto stag-three creeprate) in figures8 and 9 out to 10,000hours
indicatesthat at the stresseslistedsecond+tagecreepwould stiU.
~evail.

For the testsat 1350°F, the situationis quiteclifferent. 12rlma-
pola.tionof the 1350°F transitioncurvesin figures10 end IL shuwsthat
at the wlmessesfor a creeprate of 0.0002pxment ~er hour ticreasing
creeprateswilloccur in about14,000hoursfm discF and 7000hours
fm disc Q. At the lowerstressesproducinga creep rate of 0.00001pe-
bent per hour,tWc’&stage creepwuuldnot occurfar considerablylonger
time perials.

&rapolation of the 1500°F tiensitim cmwes (figs.12 and 13)
showsthat at the stressesfar a creeprate of 0.0001percentper hour,
increasingcreeprateswill occurin 1500 hoursfor discF and in
3700hoursfcm diSC Q. Even at the stressfor a creeprate of
0.00001percent per hour, exbapolation indicates an increasing creep
rate for disc F in 4000 hoursanilfor discQ at about25,000hours.

Comparisonof the extrapolatedrupturestrengthswith the creep
strengthsindicatesthat the estimatedstressesf~ fracturein
10,000hoursare well abovethe O.0001-percent-per-hourcreepstrengths
at 1200°l?. ‘lb rupturestmength(10,000hr) is only slightlyhigher
than the creepstrength(0.0001percent/hr)at 1350°F. At 1500°F,
the creepstrengthof discF is abovethe esklmatedruyturestrength,
whilefor the disc Q the two are equal.

The scatterof the creep=ratedata and the changein slopedownward
of the curveof stressagainstcreeprate at low stresses~cduging rates
less then 0.0001percentper hourmake unwisethe lergeextrapolations
necessaryin both creepand rupturedatafor comparison of the creep
rate for 0.00001percentper hourwith the 100,oo~hour rupturestrength.

——-.----. —.-——.-——.——-.--,.———- .— .-.—,,. _—._ ~-—--—- . . ... -—— .-.
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b all cases,cautionshould%e obsemd sticeexrbendedservice
perids of severalt-s the mexbnumtest pericdused here (almut2000 hr)
may ma@fy sucheffectsas mn’faceand structuralinstability,whichwere
cmrshaaowedby othervaria%lesdur~ the sharttest yerimls.

. StabilityCharacteristics

Same of the test specdmms from each d the two discswere sub$ected
to tensile,hnpact,end hardnesstestsat roan temperatureaftercreep
testingat 1200°,1350°,and 1500°1?with the resultsshownin table IX.

The considerabledecreasesin @act strengthand tensiletest
ductilityat rom temperaturewere the most significantchangesobserved.

The hardness of disc F ticreasedsomewhateftercreeptestingat
1200°F, but did not changeaftertestimgat 1350°F and seemedto
decreaseslightlyaftertestingat 1500°F.

For the forgedend,ageddiscF, the pqxmti(mal limitand O.l–
and O.&~ercentyieldstrengthswere slightlyhigheraftercreeptesting
at 1200°and 1350°F (exce~ fm the Ol-percentmeld strengthafter
1200°3’whichremainedunchanged),but were lowerafterte~timgat
15000l?. 5 tensilestrengthwaE luweraftercreeptestingat SU
threetemperatures,and the O.O&percent yieldstrengbhdid not change
sigrdficantlyaftertestingat 1200°ad 1350°F but decreasedafter
testingat 1500°F.

The yieldstrengthEof the heat+meated and agea disc Q were higher
aftercreeptestingat 1200°and 1350°F and loweraftertestingat o
1500°F. The tensilestrengthwas loweraftercreeptest= at aU
threetemperatzmes.

The microstnmctureshuwealessbreekdmn of the dsndriticpattern
at theventer of the dfsc thannear the rti, and the grainswere coersm
at the center. The structurenear the rti was, huuever,mare t~icsl
of that of the test syecinmm. Originalmicrostructureof the center
d rim portionEof the fagea and agea disc are shownat mgaifications
of 100X end 1000X~ figure15. The microstructieof the rti pcirtion
of the heat-treateaand aged aisc is also shownat 100X and 100QXin
figure15.

The grah+ize rangewas abaut5 to 7 near the rim of the forges
and ageddisc and about4 to 7 at the cetier. The grtiize range
ne= the rim of the heat-treateaand agd aiscwas about4 to 6. Thus
the heahtmeatedand agd discwas slightlycoersergraind (byone
A.S.T.M.gra-ize mmiber)thanthe fmgeiiand ageddisc.

.

Precipitationwithinthe grainsis not evidentin the original
microwbucturesor in thoseof the creehtestedspecinmns.Some
precipitationis evidentin the microstructureat 1000Xof speci–
menE 10A, Q12F,end Q12E (figs.16 and 17),whichwere testedin stress

,, .. . . .—. —. . . —— —.. -——- . -.,-. ., ./



rupture, the first two at 1350°d tie last at 12~0 F. NO eqhtim
cm be offeredfm the apperentabsenceof precipitationin the photo-
mimographs of the originalstructuresand of the structuresof all the
testedWeep s~echms end 1500°F stres+ruptwe spechmE. The
photomicrographsof figure15 showthe miginal structuresat magnifications
of 1~ and 100~ of the fmged and aged and heai+treatedand aged discs.
Thoseof figures18 and 19 showthe structuresat 100X and 100~ of the
two discs,F ti Q, aftercreeptestingat 1200°,1350°,and 1500°F. The
photmicrographsof figures16 and 17 showthe fracturesat 100X and
titernalmicrostmzcturesat 1000Xof the spec~ns of the two discsafter

0, 1350°,and 1500°F. The fractureofatiem+rupturetestsat 1200.
spec3menQ1211,whichwas testesfm 16gg hoursat 1200°F, appearsto
be transcrystalline.The fracturesof the specimenstestesat 1350°
(F1OAml Q12F)and 1500°F (F1.lDand Q14D),a the fractureof sp-eci-
men FgA (2618 hr at 1200°F) were all intergmmilar. The longertime of
exposureto high temperatureand lowerstressmay have causeaspeci—
men WA to breakwith an inter~anularfractureat 1200°F, whilethe
cmresponibg specimenQ12Efram the quemhea and aged.discbrokewith
a tmmscrystdline fracture. Spec*nf3 testeiiin stressruptie
at 13500and 1500°F (F1OA,Q12F,~, m Q14D) shinedcomiaerable
intergmnularcrackingadjacentto the fracture.

DEX!’USSIONOF KESULTS

5 tensile,stres+rupture,weep, and time-deformationdata
Proviaeas nearlycompletedesignWormation for the s-816aiscs,
NR-76&F amd NF&76BQ, as can be obtaind in the labmatory from tests
under constanttensilestress.

The test data containd in thisreportapply onlyto the particular
aiscstestesand fatricateiiand heal+treatedh the mannerindicatea.
Considerableexperienceindicatesthat the ~operties iiependon the
particularmanufacturing~ocess u.seain the pmiuction of the a.iscs.
It shoulanot be assumetlthat the propertieshereinreporteaapplyto
tiiscsof a similarcompositionprcduced.by anotherfabricatoror
necessarilyto slmK& aiscsprcduced-by the ssmefabricatm.

—.. —— .. —., — ,, .—. .— —-— .—————.—. . .. . . ‘,,.-..,:,.’
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The @ncipel resultsOtt*a fram the 17-inch-diameter

by @– inckthick discsmay be summerlzeaaa follows:
16

Forged end Hea-iitreatea
agea disc, and aged disc,
NI&76B-F NR-76&Q

1. Brinell hardness range:
On centerplaneat rim 300 280
On centerplaneat center 270 260

2. Offset yieldstrehgtha:

0.2-percen&offs6tyield
stiength,psi, at -
komn temperature
1200°1?
1350°F
15000F

85,600
67,000
59,000
49,000

76,500
58, 00G
54,500
51,000

3. Rupture test characteristics:

Stress, pd., to causeruptnme
at 1200°1?in -

10 hours 78,000 80,000
100 hours 62,000 66,000
1000 hours 50,000 52,000

Stress, psi, to causeruptie
at 1350°F in -

10 hours 52,000 52,000
100 hours 38,000 39,000
1000 hours 29,000 ‘29,000

Stress, psi, to cause rupture
at 1500°F in -

10 hours 30,000 2J,000
100 hours 21,000 23,000
1000 hours 13,500 17,500

The elongationsand reductionsof area of the fracturearupture
test specimenswere generallysatisfactorywith the exceptionof some
specimensof the fqpi and aged disc,NR-76&F, testedat 15000F.
Increasedrupturethe did not producea significantchangein
ductility.

.
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4. Total-defarmtioncharacteristicsunder stress:

The data fw the two discsare shownelsewherein this repcmtand
will not he repeatedhere. Eriefly,the heat-treatedand aged disc “
was gener&ly superiw at 1200°F, althoughedzrapolationof the data
obtainedindicatedthat fcm longtimesat low stresses(0.1-and
0,2-~rcent totaldeformation)the faged end ~a discmightbe
superiar. The forgedand eged aiscwas superim at 1350°l?,and.
at 1500°F the solutio~treated@ aged discwas superiorexceptat
low stresses(0.1-percenttotaldef~tion). No explanationhas
been fuundfcm the fact that the fargedand wed discwas quite
definitelysuperim at 1350°F, whilethe heat-treated& aged disc
was superiarat both 1200°and 1500°F.

For very lmg time semice, the order of superiority described
might ‘bechanged somewhat. This is evidenced by the fact that the
creep strengths (0.0001percentper hour and 0.00001percentper hmr )
of the fcmgedand aged discwere equalor superiw to thosp of the

‘heaktreated @ aged disc at &El threetest temperatures,exceptfcm
the O.0001-percent-per-hourcreepstrengthat 1500°F where the hea&
treatedand ageddisc had the higherstrength.

5. Uiliformity:

The _gmopertiesof the discswere quiteuniformin view of the
size of the fwging and the characteristicsof the tioy.

6. ~a%fiity:
.

The @act strength d ductility decreased after creep testing
at 1200°, 1350°,and 1500°F. The Ultdmat-ength valuesfrcnntensile
testsdecreasedaftercreeptestingat dl threetemperatures.The yield
strengthsof the f~gOa end aged disc changedvery littleaftercreep
testinga% 1200°amd 1350°F and decreasedaftertestingat 1500°F.
‘Theyieldstrengbhsaf the heat-tieatedand aged disc increasedafter
creeptesti@gat 1200°and 1350°F and decraasedafter creeptesting
at 1500°F.

BattelleMemorial
Columbus,Ohio

Institute

Tfniversityof Michigan
Ann Arbw, Mich.

lkrch17, 1948
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Figure 12.- Chrrves of stress .w@nst the f’o.r total defmtion at IWC F for s-816 dll~ disc
rm-76E+F. Heat tmeatmmnt: -f orged end aged for 16 hours at lM1° F.
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100X 100ox
(a)DiscNR-76BA’; as-forgedand aged. Radiel sectionof Y~yectin

near rim.

100X 100ox
(1)Disc NR-761M?; as-forgedand aged. Rad.isJ_sectionof Y-spectin

neti center.

100X
(c) Disc NR-76EW; heab+reated and

near

100ox
aged. Radial sectionof Y-specimen
rim.

Figure 15.- Original microstructtiesof s-816aIIoydietsNR-76B+ and
NR-76B-Q. Electrolyticchromicacidetch. ~.v
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100X
(a)Spechen F9A; 2618hoursfor

100ox
rupture at 1200° F and 45,000 psi. ‘

100X 100ox
(b)SpecimenF1OA; 1894hoursfor ruptureat 1350°F and 27,000psi.

\

100X 100ox
(c)SpecimenFIJD; 11.32hoursfor ruptureat 1500°F and 13,500psi.

Figure16.–Microstructureof spechens,of s-816 alloydiscNR-7*
afterstress-rupturetests..Disc treatment: As-forgedand aged for
16 hoursat 1400°F. ElectroQ-ticchrmic acid etch.
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100X
(a) SpecimenQ12E;1699 hours.for

10QOX
rupture at 1200°1? @ 50,000 psi.

.
100X

(b)Spechen Q12F;1286hoursfor rupture at 1350°1?and 27,500psi. ,

100X‘ 100ox
(c) specimen QlkD; g28 hours for rupture at 1500°F analT,soopsi.

. Figure17.-Microstructies of specimens of s-816 alloy digc NR-7@
afterstress-wpturetests. Disc treatment:As-forged,w@eX .

quenched”afterZ$ hoursat 2300°F, and aged for 16 hoursat lhoooF.

Electrolyticchromicacid etch. =&=
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loox 100ox
(a)Syechen F2Z; lX2khouraat 1200°F and35,000 psi.

100X
(b)SpecimenF2X; 2016hours

/
100ox

at 1350°F and 15,000psi.

100X
(c) Spec&n F13Y; 1995 hoursat 1500°F andlOj%~psi-.

Figure18.-Microstructmesof spectiensof s416 alloydiscNR-7@+?
afteroreeptests. Disc treawnt: As-forgedand aged for 16 hours
at l@OO F. Electrolyticchromicacid etch.
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.

100X 100ox

(a)SpecimenQ@; 1008 hoursat 1200°F and35,000 psi.

=)1 n -_.— ~,1.- —
.–*_ -,..

..
b

100X
(b)Specimen Q9Z; 20k0hours at

100ox
1350° F and 12,000PSi.

100X 100ox
(c)SpectienQz; !Z37 hoursat 1500° F and 10,000 psi. ‘

Figure19.- ~crostructures of spec~ns of s416 UOY disc NI?-76B+
eftercreep tests. Disc treatment: As–forged, water-quenched after

2~hours at !ZJOOOF, and aged.for 16 hours at lhOOOF. Electrol@ic

chrmlc” acid etch. v
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